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SERUM-FREE MEDIUM FOR THE PROLIFERATION OF 
LYMPHOKI NE-ACT IVATE D KILLER CELLS 

FIELD OF THE INVENTION 
The invention pertains to compositions suitable 
f or the in vitro culturing of lymphokine-activated 
killer cells. Specifically, the invention discloses a 
serum-free medium capable of permitting the prolifer- 
ation of such cells. 

BACKGROUND ART 

One of the most promising approaches in the treat- 
ment of cancer involves the concept of passive immuno- 
therapy. This approach involves the transfer to a 
cancer patient of previously sensitized immunologic 
reagents, such as cells or antibodies, that have the 
ability to provoke an anti-tumor response (Rosenberg, 
S.A., Cane. Treat. Rep, , 68:233-255 (1984)). Among 
the many possible immunologic reagents which may be 
administered, are lymphokines, such as interleukin-2 
(IL-2) or interferon. Unfortunately, cancer patients 
are typically immunosuppressed, and consequently, the 
success of immunotherapy has been more limited than 
had been hoped (Rosenberg (1984)). Recently, Grimm 
and co-workers identified a novel approach to immuno- 
therapy which has significant potential for overcoming 
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this drawback (Grimm, E.A., et_al. , J. Exper. Med. , 
155:1823-1841 (1982) ; Grimm, E.A., et_al. , J. Exper. 
Med. , 157 ; 884-897 (1983)? Grimm, E.A., et al . , J - 
Bxper. Med. , 158:1356-1361 (1983)). These researchers 
discovered that if peripheral blood lymphocyte (PBL) 
cells were removed from a patient, and incubated in 
vitro in the presence of inter leukin-2, the cells 
would acquire the ability to preferentially recognize 
and destroy tumor cells. This discovery is especially 
significant in view of the immunosuppressed state of 
typical cancer patients, in that it enables the physi- 
cian to withdraw a small number of lymphocytes and to 
culture these cells in vitro to produce a large number 
of tumor-specific immunocompetent cells. Since these 
cells were activated by the presence of a lymphokine 
to kill tumor cells, they have been referred to as 
lymphokine activated killer cells (LAK) cells. 

Although initial experiments wefe conducted. using 
natural lymphokines, it has subsequently been discov- 
ered that lymphokines produced through recombinant DNA 
technology are also capable of mediating this activa- 
tion (Rayner, A.A., et_al . , Cancer, 55:1327-1333 
(1985), Itoh, K., et al ., J. Immunol. , 134:3124-3129 
(1985), Mule, J.J., et al . , J. Immunol, , 135 ; 646-65 2 
(1985)). 

Since PBL cells are naturally present in human 
blood and lymphatic tissue, it had initially been be- 
lieved that the administration of a lymphokine to a 
cancer patient would result in the patients genera- 
tion of LAK cells. The generally immune suppressed 
nature of cancer patients, and the presence of speci- 
fic factors whinh suppress LAK cell induction have, 
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thus far, blocked this potential therapeutic regimen. 
Hence, in order to produce LAK cells, it is necessary 
to cultivate PBL cells in vitro , in the presence of a 
lymphokine, and then to administer the in vitro deriv- 
ed LAK cells to a cancer patient. 

The in vitro generation of LAK cells was origi- 
nally attempted in culture medium which contained hu- 
man serum (Grimm, E.A., et al. , J- Exper. Med^, 

157 :884-887 (1983)). The extreme cost of such sera, 
its limited availability and the possibility that it 
might be contaminated by microorganisms, especially 
viruses prompted investigations aimed at identifying 
alternative culture media which would be capable of 
proliferating the PBL cells and the generation of LAK 
cells. 

Mazumder, A., et al . , ( J. Exper. Med. , 139:495-507 

(1984)) and Rosentein, M. et al., (J. Natl. Cane. 

Inst. , 21 :1161 -1 165 (1984)) demonstrated that culture 
media which contained fetal calf sera was capable of 
stimulating the production of LAK cells. Fetal calf 
sera was, however, found to be significantly less ef- 
fective than human sera in inducing LAK cell forma- 
tion (Imir, P. et al ., Clin. Immunol. Immunopath . , 
36:289-296 (1985)). These workers found that the num- 
ber of LAK cells which could be generated in human 
sera was more than eight times higher than that which 
an equivalent PBL cell innoculum could produce when 
cultured in medium containing bovine sera. These re- 
sults led Imir, et al . to conclude that fetal calf 
sera appeared to inhibit the generation of LAK cells, 
and thus that human sera was a preferred .culture sup- 
plement. Moreover, the use of fetal calf sera appear- 
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ed to have a direct toxic effect on either the LAK 
cell precursors or the LAK cells themselves Clmir, et 
al. , (1985)). 

In response to the above-described limitations, 
Froelich,. C.J., et al . (J. Immunol. Meth. , 86:205-211 
(1986)) identified a serum-free medium capable of both 
supporting the proliferation of PBL and the generation 
of LAK cells. The medium identified by these re- 
searchers was Dulbecco's Modified Eagle's Medium which 
was supplemented with bovine serum albumin and the 
three fatty acids: linoleic acid r oleic acid and pal- 
mitic acid. The medium also contained insulin, trans- 
ferrin, and ethanolamine. This medium was capable of 
permitting the proliferation of LAK cells, albeit at 
an efficiency significantly lower than that of human 
sera-containing media. (Froelich, C.J., et al . , 
(1986)) found that the efficiency of LAK cell genera- 
tion by this serum-free metiium could be enhanced 
through* the addition of sodium pyruvate and indometha- 
cin, an inhibitor of prostaglandin biosynthesis. Even 
with these supplements r however, the serum-free medium 
described by Froelich, et al . was found to be signifi- 
cantly less effective than media containing human sera 
in permitting the proliferation of LAK cells (Froe- 
lich, et_al. (1986)). In addition, the inclusion of 
bovine serum albumin to the serum-free medium raised 
questions as to whether an immune response would be 
mounted in vitro against the foreign bovine albumin 
and as a result, indirectly activate LAK cell expan- 
sion and activation. Moreover, the possibility that a 
patient might mount an immune response, in vivo , due 
to the presence of the foreign bovine albumin raised 4 
questions as to the suitability of using bovine 
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albumin to culture PBL cells which would subsequently 
be returned to a patient. 

The present invention is based upon the discovery 
that the activation of kinase C, a natural and endoge- 
nous enzyme present in PBL cells, permits PBL cells to 
develop into proliferating LAK cells. 

Kinase C is an enzyme which has been found to be 
the physiologic receptor for phorbol esters, a unique 
class of tumor promoters (Farrar, W.L., et al. , Lymph- 
okine Res. , 4:87-93 (1985)). Interleukin-2 has been 
found to be capable of activating the kinase C enzyme. 
Activated kinase C, has been found to be capable of 
phosphorylating the interleukin-2 receptor molecule of 
intact lymphocytes r suggesting that it may have a role 
in an animal's immune response (Farrar, et al. (1985) 
Taguchi, M. , et_al. . ' Biochem. Biophys. Res. Commun, , 
135:239-247' (1986) ) . 8 

Once activated by the lymphokine, LAK cells are 
capable of proliferating and producing gamma inter- 
feron. It is believed that the gamma interferon so 
produced, interacts in concert with the exogenously 
added interleukin-2 to further stimulate the produc- 
tion of gamma interferon. The presence of gamma in- 
terferon is further believed to be involved in the 
expression of cellular receptor sites for the inter- 
leukin-2 molecule (Shiiba, K. , Cancer, Immunol. Immu- 
nother. , 21:119-128 (1986)). The gamma interferon 
produced by LAK cells is believed to be responsible 
for the cytotoxic and therapeutic properties of the 
cells (Rosenstein, M. , et al ., Cancer Res. 44:1946- 
1953 (1984); Rayner, A. A., et al . , J. Natl . Cane. 
Inst. 75:67-74 (1985)). 
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Thus , in summary, the ability to treat cancer pa- 
tients with the LAK cell therapy discovered by Grimm, 
et aL , (1983) requires the use of a cell culture me- 
dium which is both economical and effective in permit- 
ting the generation of such cells. The use of human 
sera , though effective in generating LAK cells f is 
prohibitively expensive, a potential carrier of vi- 
ruses and of limited supply. Efforts to employ al- 
ternative non-human sera or serum- free media have not 
proven to be wholly satisfactory. Thus, a continued 
need exists for an alternative, economical and effec- 
tive culture for generating LAK cells. 

SUMMARY OF THE INVENTION 

The present invention relates to methods and com- 
positions of matter which permit the generation of LAK 
cells in a 'defined, serum-free culture medium. The 
cell culture medium permits the proliferation of LAK 
cells at an efficiency which is substantially equiva- 
lent to that obtainable through the use of a culture 
medium which contain human serum. The cell culture 
medium of the present invention is, however, superior 
to such serum-containing culture media in that the use 
of a defined, serum-free medium can facilitate the 
elucidation of the mechanism which regulates the acti- 
vation of PBL cells into LAK cells. 

In detail, the invention comprises: 

A method for achieving the proliferative growth of 
a peripheral blood lymphocyte cell or a lymphokine 
activated killer cell, which method comprises: 
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a) contacting the cell with an amount of a cul- 
ture medium sufficient to permit the in vitro 
cultivation of the cell, the medium being 
substantially free of serum and containing a 
non-proteinaceous compound capable of acti- 
vating the enzyme, kinase C; the compound 
being present in the medium at a concentra- 
tion sufficient for the activation, and 

b) maintaining the cell in the culture medium 
under conditions sufficient to permit the 
proliferative growth. 

The invention is further directed toward a method 
for producing a lymphokine activated killer cell which 
comprises: 

a) contacting a peripheral blood lymphocyte cell 
with an amount of a culture medium sufficient 
to permit the in vitro cultivation of the 
cell, the medium being substantially free of 
serum and containing (i) a lymphdkine and 
<ii) a non-proteinacepus compound capable of 
activating the enzyme f kinase C; the compound 
being present in the medium at a concentra- 
tion sufficient for the activation, and 

b) maintaining the cell in the culture medium 
under conditions sufficient to permit the 
production of the lymphokine activated killer 
cell. 

The invention further pertains to a method for 
suppressing the growth or development of a cancer cell 
which comprises: 
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a) contacting a peripheral blood lymphocyte cell 
with an amount of a culture medium sufficient 
to permit the in vitro cultivation of the 
cell, the medium being substantially free of 
serum and containing (i) a lymphokine and 
(ii) a non-proteinaceous compound capable of 
activating the enzyme kinase C; the compound 
being present at a concentration sufficient 
for the activation , 

b) maintaining the cell in the culture medium 
under conditions sufficient to permit the 
development of a lymphokine activated killer 
cell, and 

c) providing the lymphokine activated killer 
cell to the cancer cell in a manner suffi- 
cient to supress the growth or development of 
the cancer cell. 

T?he invention is further directed toward' a com- 
position of matter which comprises: (a) an in vitro 
cultivated peripheral blood lymphocyte cell or lympho- 
kine activated killer cell, and Cb) an exogenously 
added non-proteinaceous compound capable of activating 
the enzyme kinase C; wherein the composition of matter 
is substantially free of serum. 

Additionally, the invention pertains to a culture 
medium which contains an exogenously added non-pro- 
teinaceous compound capable of activating the enzyme 
kinase C; wherein the culture medium is substantially 
free of serum. 
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_ DESCRIPTION OF THE PREFERRED EMBODIMENTS 
I. The In Vitro Cultivation of PBL Cells 

A cell is said to be "maintained" in a tissue cul- 
ture medium when it is cultivated under conditions 
sufficient to either maintain cellular viability or 
promote proliferative growth. As used herein, the 
term "cellular viability" refers to the ability of a 
cell to metabolize nutrients, and direct biosynthetic 
processes- The term "proliferative growth" refers to 
the ability of a cell to produce progeny cells. The 
maintenance of cellular viability does not require the 
proliferative growth of the cell. 

In general, the in vitro cultivation of the cells 
of the invention requires a consideration of four ba- 
sic elements: (1) the nature of the substrate or phase 
on or in which the cells are to be cultivated; (2-) the 
composition and concentration of the gaseous atmos- 
phere in which the cells will be incubated; (3) the 
temperature of incubation; and (4) the physiochemical 
and physiological constitution of the culture medium 
(Freshney, R.I., In: Culture of Animal Cells , a M an - 
ual of Basic Technique , Alan R. Liss, Inc. N.Y. pp55- 
78 (1983); Lambert, K.J., et_al. , In: Animal Cell 
BioTechnology, Vol. 1, Spier, R.E., et al . , Eds., 
Acad. Press N.Y. pp86-122 (1985) which references are 
hereby incorporated by reference). Thus, important 
considerations include whether it is desirable to cul- 
tivate the cells in a suspension of culture medium or 
to permit them to grow in contact with a solid sur- 
face. Suitable solid surfaces include glass, polysty- 
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rene culture dishes, or the surfaces of suspendible 
particulates. Alternatively , the cells may be grown 
in permeable membraneous spheres or in hollow fibers. 
Although any cultivation technique capable of main- 
taining the cellular viability or proliferative growth 
capacity of PBL cells may be employed, it is prefer- 
able to cultivate such cells in a suspension in T- 
flaslcs.or roller bottles (Mazumder, A. , et al . , Cancer 
53:896-905 (1984) ), although other methods, such as 
growth in air-lift or deep tank fermenters or hollow 
f iber, ultra-f iltrative devices, may also be suitable. 
The volume of culture medium may be as little as 50 ul 
or as much as 100 liters. 

Although the cells may be incubated at any temper- 
ature in which cellular viability may be sustained, it 
is preferable to maintain cells at temperatures be- 
tween 30 and 45?C and it is most preferable to cul- 
tivate the cells at an incubation temperature of 37°C. 
Cultured cells will, however, tolerate considerable 
drops in temperatures and can survive several days at 
4°C and can be frozen and cooled to -196°C in the 
pressence of suitable cryopreservatives. In regulat- 
ing the temperature of cultured cells, consistency of 
temperature maintenance is important; the temperature 
should be maintained within + 2°C of the desired temp- 
erature. 

The gaseous atmosphere in which the cells are in- 
cubated must contain oxygen, and carbon dioxide. Al- 
though numerous gaseous compositions and concentra- 
tions are possible, it is preferable to employ a gas- 
eous atmosphere containing air which has been supple- 
mented to contain a final concentration of 5% carbon 
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dioxide. In addition, the atmosphere should be of a 
relative humidity greater than 80% and preferably 
greater than 90%, 

The basic constituents of a general tissue culture 
medium are disclosed by Waymouth, C. (In: Methods for 
Preparation of Media, Supplements and Substrata for 
Serum-Free Animal Cell Culture , Alan R. Liss, NY, 
pp23-68 (1984)) which is hereby incorporated by refer- 
ence. The basic components of a culture medium in- 
clude the ions of inorganic salts (such as, for exam- 
ple, Na + , K + , Ca 2+ , Mg 2+ , Cl", HP0 4 2 ~ and HC0 3 ~). In 
addition, a culture medium may contain metal ions 
(such as, for example, Fe 2+ , Zn 2+ , Cu + , Mn , Co 
and Se0 3 ~2). Additionally, culture media may contain 
trace amounts of elements such as Sn, V, Cr, Al, As, 
and Mo. 

Th'e culture medium of the invention may also con- 
tain amino acids, such as those which naturally occur 
in animal protein. / Vitamins , such as (for example): 
B 12 , ,C, A, E, and biotin, as well as lipids and fat 
soluble components are also generally included in 
cultured medium. Lipids and fat soluble components 
which have been used in culture media include linoleic 
acid, cholesterol, lecithin, sphingomyelin, phospho- 
lipids, and oleic acid", among others. 

The culture media of the invention also contain 
carbohydrates which serve as sources of energy. Al- 
though it is preferable to employ glucose and/or glu- 
tamine as the principle energy source in the media of 
the present invention, other sugars (such as fructose, 
galactose, mannose, maltose or lactose) may also be 
employed. The concentrations of sugars in such media 
generally exceeds 1000 mg/L and may exceed 5000 mg/L. 
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Although the cells of the invention may be capable 
of synthesizing nucleotides de novo in in vitro , the 
addition of purine or pyrimidine bases or nucleotides 
may increase growth efficiency. The bases that may be 
added to the serum-free media of the invention include 
adenine and hypoxan thine. Nucleotides include thy- 
midine, deoxy adenosine, deoxycytidine, and deoxyguano- 
sine. 

PBL cells are sensitive to changes in the pH of 
the culture medium. Thus, it is necessary to provide 
pH buffers to cultured media. Among the buffers which 
may be used are HEPES, bicarbonate buffers, phosphate 
buffers, tris buffers, other similar buffers. It is 
desirable that such buffers be capable of maintaining 
a pH of approximately 6.5-8*0, and preferably a pH 
between 6.8 - 7.4. 

It is also desirable to supplement the culture 
media with growth factors, mitogens, or hormones. 
Among those, growth factors and hormones which may be 
added include insulin,' Cortisol or dexamethasone, 
Interleukin 1, interferons, transferrin, etc. In 
addition, it is often desirable to include human albu- 
min to the culture mediunu 

Since PBL cells grow more slowly than potential 
contaminants , such as bacteria, it may be desirable to 
supplement the culture medium with antibiotics such as 
penicillin, streptomycin, gentamycin, etc. 

Although it is possible, by routine experimenta- 
tion, to develop a cell culture medium containing 
suitable amounts of the above described components, it 
is alternatively possible to employ any of a wide num- 
ber of commercially prepared cultural media in which 
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the specific combinations and concentrations of com- 
ponents have already been determined. The composi- 
tions of such culture media are disclosed by Freshney, 
r.I. in: Culture of Animal Cells a Manua l of Basic 
Technique , Alan R. Liss, NY, pp67-78 (1983)). 

A "basal medium, " as used herein is a medium which 
contains basic components of the culture medium (such 
as those described above). Such basal medium (and 
also the LAK cell-generating medium disclosed herein) 
is said to be "substantially free of serum" if the 
concentration of serum is less than 0.1%. Although 
numerous possible culture media may be formulated 
which are capable of serving as the basal medium of 
the present invention, it is especially preferable to 
employ a basal medium which consists of Dulbecco ! s 
Modified Eagle's Medium: " Ham's F12 medium in a 1:1, 
by volume, ratio (Barnes, D. et al . , Anal. Biochem. 
102:1255 (1980)). Such medium is hereinafter referred 
to as Darfler's Basal Medium, The compositions of 
these media are disclosed in Table 1. 
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TABLE I 



Component 



Dulbecco 's 
modification 
rng/1 



Ham's F12 
mg/1 



Darf ler 1 s 
Basal Medium 
mg/1 



Inorganic salts 

CaCl~ (anhyd.) 
CaCI^. 2H O 
Fe(N0- },79H-0 
KC1 

MgCl 7 .6H 7 0 
MgSO^ . 7K0 
Nad 4 * 

NaHCO- 
NaH PO .H.O 
NaHP0*7H,0 
CuSO *5H-6 
FeSO* 7H^O - 

Other CoSponents 
- D-glucose 
Lipoic acid 
Phenol red 
Sodium pyruvate 
Hypoxanthine 
Li no lei c acid 
Putrescine 2HC1 
Thymidine 

Amino Acids 
L-alanine 
L-ar gi nine . HCl 
L-asparagine*H 2 0 
L-aspartic acia 
L- cystine 

L-cysteine.HCl. H^O 
L-glutamic acid 
L-glutamine 
Glycine 

L-histidine HCl 
L-isoleucine 
L-leucine 
L- lysine HCl 
L-methionine 
L-phenylalanine 
L-proline 
L- serine 
L-threonine 



H 2 0 



onn nn 
iUU . uu 




100 00 




44.00 


22.00 


0.10 





.05 


400.00 


223. 60 


311.80 





122.00 


61.00 


200.00 





100.00 


6,400.00 


7,599.00 


6,999.50 


3,700.00 


. 1,176.00 


2,438.0 0 


125.00 


— - 


62.50 


. 


268.00 


134.00 





0.00249 


0.00125 


" 


0.834 


0.417 


■ 


0.863 


0.432 


4,500.00 


1,802.00 


3,150.00 





0.21 


.11 


15.00 


12.0 


13.50 


110.00 


110.00 


110.00 


. 


4.10 


2.05 




0.084 


0.042 




0.161 


0.081 




0.73 


0.37 




8.90 


4.45 


84.00 


211.00 


147.50 




15 . 01 


7.50 




13.30 


6.65 


48. 00 




24.00 




35.12 


17.56 




14.70 


7.35 


584.00 


146.00 


365.0 0 


30.00 


7.50 


18.75 


4 2.00 


20.96 


31.48 


105.00 


3.94 


54.47 


105.00 


13.10 


5 9.05 


146.00 


36.50 


91.25 


30.00 


4.48 


17.24 


66.00 


4.96 


35.48 




34.50 


17.25 


42.00 


10.50 


26.25 


95.00 


11.90 


53.45 
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TABLE 1 (cont.d) 



Dulbecco's Darfler's 

Ham's F12 Basal Medium 



Component 



mq/1 


mq/1 


mq/1 


16.00 


2.04 


9.02 


72.00 


5.40 


38.70 


94.00 


11.70 


52.85 




0.0073 


.0037 


4.00 


0.4800 


2.24 


4.00 


13.9600 


8.98 


4.00 


1.300 


2.65 


7.20 


18.000 


12.60 


4.00 


0.04 


2.02 


4.00 


0.062 


2.03 


0.40 


0.0380 


.22 


4.00 


0.3400 


2.17 




1.3600 


.68 




0.0620 


.032 



L-tryptophane 
L- tyrosine 
L-valine 
Vitamins 

Biotin 

D-Ca pantothenate 
Choline chloride 
Folic acid 
i-inositol 
Nicotinamide 
Pyridoxal HCl 
Riboflavin 
Thiamine HCl 
Vitamin B- 2 
Pyridoxins HCl 
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II. The Generation of Lymphokine -Activated 
Killer cells. 

Cellular immune reactions result from complex in- 
teractions between T cells, B cells and macrophages. 
T cells are "white blood cells" which are formed in 
the thymus gland, 'They produce and respond to a vari- 
ety of different : stimuli (such as lymphokines and 
antigens) to control and modulate an animal's immune 
response. B cells , which are formed in bone marrow 
tissue, are the "white blood cells" which produce 
antibodies in response to infection. Macrophages are 
the white blood cells which are primarily responsible 
for removing foreign cells (i.e. bacteria, etc.) from 
an animal's tissues. The complex interactions between 
these cells are mediated through direct cellular 
contact and through soluble compounds known as 
"lymphokines. " Lymphokines are, in general, protein 
or glycoproteins having a molecular weight between 
10-100 kd. Examples of lymphokines are disclosed by 
Stephenson tin: Animal Cell Biotechnology , Vol. 2, 
Spier, R.E., et_al. , eds., Acad, Press, pp 41-45 
(1985)). Although any compound capable of directing 
the activation of PBL cells into LAK cells may be 
employed according to the present invention, it is 
preferable to employ a lymphokine, and it is especial- 
ly preferable to employ the lymphokine, interleukin-2 
(IL-2). Interleukin-2 is a 15 kd glycoprotein 
(Gillis, S. , et al . , J. Exper. Med . 152:1709 (1980)) 
which is secreted by activated T lymphocytes (Bonnard, 
et al . , J. Immunol . 123 :2704 (1979)). This molecule is 
believed to interact with a membrane receptor present 
on activated lymphocytes thereby inducing a cascade 
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phenomena which lead to the proliferation of the 
activated cells (Robb, J.R., Immunol, Today 7:203 
(1984) ) . 

Lymphokines may be purified from natural tissue 
sources (Spiess, P.J., et al . , J. Immunol. — Meth, 
42:213-222 (1981)), or may be obtained through recom- 
binant DNA techniques (Rosenberg, S.A., et — al., 
Science 223:1412-1414 (1984)) Nishimura, T. et_al. , 
Cane* Immunol* Immunother . 21:12 (1986)). 

As disclosed above, lymphokines are capable of 
converting a subset of peripheral blood lymphocytes 
into LAK cells. Lymphocytes characteristically have a 
round nucleus with well-condensed chromatin. Methods 
for preparing and purifying lymphocytes are disclosed 
by Freshney, R.I. (In: Culture of Animal s Cells, A 
Manual of Basic Technique , Alan R. Liss, Inc., N.Y. , 
p23 8 (1983)- and by Mazumder, A., et_al. , Cancer., 
53:896-905 (1984)). 

As indicated, a lyrnphokine activated killer cell 
is a peripheral blood lymphocyte cell which has been 1 ' 
activated by contact with a lyrnphokine. Although the 
precise mechanism through which LAK cells are produced 
is not fully understood, such an understanding is not 
necessary in order to practice the invention since it 
is known to be possible to spontaneously generate LAK 
cells by incubating PBL cells, under appropriate in_ 
vitro tissue culture conditions in the presence of a 
lyrnphokine. The amount of lyrnphokine exogenously add- 
ed to the culture medium is typically determined by 
diluting a stock solution of the lyrnphokine and de- 
termining the lowest amount of lyrnphokine capable of 
inducing LAK cell formation (Suzuki, R. , et al ., J. , 
Immunol. 130 :981 (1983), Handa, K. et al . , J. Immunol. 
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130; 98 8 (1983)). As little as three units/ml and as 
much as 1,000 units/ml of interleukin-2 can be used to 
produce LAK cells from PBL cells* A unit of interleu- 
kin-2 is defined as the reciprocal of the dilution 
that induces 50% of maximal [ 3 H] TdR incorporation of 
NK-7 cells . CItoh, K. , et al . f J. Immunol* 134:13 45- 
1349 (1985) ). 

A compound is said to be "exogenously added" when 
its concentration in a cell or medium has been 
increased through the addition of the compound by one 
practicing the invention. This addition may either be 
direct, as by adding the compound itself, or may be 
indirect/ as by adding a precursor of the compound. A 
compound which is normally and naturally present 
either within a cell or in a culture medium is not 
said to be exogenous ly added to the medium unless its 
concentration has been increased in a manner consis- 
tent with the above definition. 

The incubation of PBL cells should be for at 
least one day (Itoh, K. , et al ., (1985)), however, the 
percentage of PBL cells which become activated to LAK 
cells increases with increasing time. It is prefer- 
able to culture PBL cells when they are an initial 
concentration of between 10** - 8x10^ cells/ml. 
Generally it is not preferable to subculture the cells 

(i.e. to divide the culture's concentration of cells 
by adding additional, but sterile, media). It is 
desirable to maintain LAK-inducing conditions for 3-10 
days. Once LAK cells have been produced, the cells 
may be cultivated in vitro for periods longer than two 
months (Rayner , A. A., et al . , Cancer , 55 : 1327-1333 

(1985)). Under these conditions, it is preferrable to 



WO 88/02774 



-19- 



PCT/US87/02721 



subculture LAK cells so as to maintain a cell concen- 
tration of between 10 4 - 10 8 cells/ml. Since LAK 
cells, thus expanded, may potentially increase more 
than 10 20 - fold, LAK cell therapy may be employed even 
in individuals (such as cancer patients) from whom 
only small numbers of PBL cells may be obtained. 
Although interleukin-2 is capable of generating LAK 
cells without the addition of any other lymphoid. ne, 
the addition of additional lymphokines (such as gamma 
interferon) has been found to augment IL-2-induced LAK 

generation (Shiiba, K. , et al. , Cancer Immunol. 

Immunother. 21:119-128 (1986)). 

LAK cells are capable of attacking a diverse group 

of tumors (Grimm, E.A. , et al ., J. Exper. Med. , 

155:1823-1841 (1982)). Among the types of tumors 
thought to be treatable with LAK cell therapy are soft 
tissue sarcomas, melanomas, osteosarcoma, adenocar-r 
cinoma (such as colon, ovarium, a*nd pancreatic carcin- 
omas) lymphomas, esophageal carcinomas and adrenal 
carcinomas (Rayner, A. A., et al ., Cancer 55:1327-1333 
(1985) ) . 

An important aspect of the present invention is 
the discovery that non-proteinaceous compounds, cap- 
able of activating the endogenous enzyme kinase C, are 
capable of promoting the generation of LAK cells from 
PBL cells which have been cultivated in a serum-free 
medium in the presence of a lymphokine. A "non-pro- 
teinaceous" compound is one which is not composed of 
amino acids linked together through a peptide bond. 
Any non-proteinaceous compound capable of activating 
kinase C may be employed to accomplish this goal. 
Examples of such activator compounds are acetylacyl- 
glyerols, and diacylglycerols (Ebeling, J.G. Proc. 
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Natl. ftcad. Sci. USA , 82:815-819 (1985) ; Mufson, R..A. , 
Carcinogenesis , 6; 1693-1698 (1985)). The synthesis of 
diacylglycerols which activate kinase C is disclosed 
by Ebeling, J.G. , et al . , (1985). 

Especially preferred are the diacylglycerols. 
Although it is possible, in accord of the present in- 
vention to employ either a racemic mixture of diacyl- 
glycerols or on** containing unequal amounts of the 
diacylglycerol's stereoisomers, it is preferable to 
employ the sn-1 , 2-diacylglycerols . Especially prefer- 
red sn-l-2-di acy lglycerols are those with short satu- 
rated acyl side chains (containing between 2 and 12, 
and preferrably between 4 and 10 carbon atoms). Ac- 
cording to the present invention, the diacy Iglycer ol , 
sn-1, 2-dioctanoylglycerol CdiCg), which has an 8 car- 
bon long acyl side, chain, was the most preferred rea- 
gent for promoting LAK cell generation and prolifera- 
tion. This compound is capable of mediating such an 
effect when present at a concentration greater than 1 
mg/L, however it is more preferable to employ this- 
reagent at a concentration of between 0.5-20 mg/L and 
most preferable to employ the reagent at a concentra- 
tion of 5-20 mg/L. In general, this compound is only 
slightly soluble in water (3-5 mg/L). The compound's 
solubility can, however, be increased to 10-20 mg/L 
through the use of solubilizing agents such as Tween 
Cat a concentration of between 1-20 mg/L) or Albumin 
(at a concentration of between 1000-10000 mg/L.) 
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Various methods can be used in order to determine 
whether a particular compound is an activator of Kin- 
ase C. Platelets, for example, can be prelabeled with 
32P and then incubated with the compound for 30 se- 
conds. The platelet cells can then be lysed and the 
proteins liberated from them can be analyzed by sodium 
dodecyl sulf ate-polyacrylamide gel electrophoresis 
(using, for example, an 11% polyacrylamide gel) and 
autoradiography. The presence of a radiolabeled 
40,000 - dalton protein indicates that the potential 
activator compound is, indeed, capable of activating 
kinase C. This method is described by Lapetina, et_ 
al. ( J. Biol. Chem. , 260:135-136 (1985)). Alterna- 
tively, the ability of a compound to activate kinase C 
can be assayed using cell-free kinase C - containing 
cellular extracts ' or purified kinase C (in the 
presence of buffer, MgCl 2 , CaCl 2 , H x Histone (sub- 
strate), [gamma - 32 P] ATP and phosphatidyl serine. 
This method is described by Kraft, A.S. et al. (J_i_ 
Biol. Chem. , 757:13193 (1982))'. Any compound capable 
of activating kinase C (as determined, for example, by 
either of the above-described methods) may be employed 
as the kinase C activating compound of the present 
invention. 

According to the present invention, the activation 
of kinase C by any means will permit the development 
of PBL cells into LAK cells. Thus, as an alternative 
to the direct activation of kinase C it may be pos- 
sible to accomplish the goal of the present invention 
by including compounds which indirectly activate the 
kinase C enzyme. Such substances include, for 
example, agents which hydrolyze phosphatidyl inositol 
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(thus producing a diacylglycerol ) , or by including 
compounds structurally similar to the activator com- 
pound, which are capable of mediating kinase C activa- 
tion. Further, it may be possible to employ as acti- 
vating agents precursor compounds (such as triglyce- 
rides) which are diacylglycerol precursors (In: Fund - 
amentals of Clinical Chemistry K.W. Tietz Ed. , W.B. 
Saunders Co., pp416-417 (1970J ) . An example of such a 
triglyceride is the compound tricaprylin. 

Additionally, any analogs of diacylglycerols (such 
as 1,2-dicaprin, l r 2-dicaproin and 1,2-dicaprylin) or 
acetylacylglycer ols ( such as l-oleoyl-2-acetyl-gly- 
cerol) which are capable of activating kinase C may be 
employed as the activating agent of the present inven- 
tion. 

Having now generally described this invention, the 
same will be better understood by reference to* certain 
specific examples which are included herein for pur- 
poses of illustration only and are not intended to be 
limiting of the invention, unless specified. 

EXAMPLE I 

The Preferred Medium for the Generation of LAK Cells 

The Darfler Basal Medium described above and in 
Table 1 was prepared and supplemented with the follow- 
ing: 50 U/ml penicillin, 50 ug/ml streptomycin, 10 
ug/ml gentamycin, 3 mg/L ethanolamine f 2 mg/L human 
insulin, 5 mg/L human transferrin, 2500 mg/L human 
albumin (fraction V or fatty acid-free fraction V) , 1 
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mg/L indomethacin (fatty acid- free), 0.003 mg/L so- 
dium selenite, 2600 mg/L HEPES buffer, (pH 7.0), 2500 
mg/L sodium bicarbonate, 3500 mg/L L-glutamine, 55 
mg/L pyruvate (sodium salt), 1.5 mg/L cholesterol, 3 
mg/L dilinoleoylphosphatidyl choline, 1 mg/L linoleic 
acid, 1 mg/L palmitic acid, 5mg/L Tween 80 (polyoxy- 
ethlenesorbitan, monooleate) . Water was added to the 
medium to bring the osmolality to 280-300 mOsM. Imme- 
diately prior to use, 600 U/ml of recombinant inter- 
leukin-2 was added to the medium. As used below, when 
Darfler's Basal Medium is supplemented with all of the 
above described compounds except for the non-protein- 
aceous activator of kinase C it is referred to as 
"Darfler's Supplemented Medium." When the activator 
compound is added to Darfler's Supplemented Medium the 
medium is then referred to as "Darfler's Complete Me- 
dium" or, alternatively, as Darfler's Supplemented 
Medium with a disclosed amount of activator compound. 

EXAMPLE II 

Cultivation of Peripheral Blood Ly mphocytes 
in a Serum-Free Medium 

Human peripheral blood lymphocytes were purified 
by the method of Mazumder, A. et al . (Cancer, 53:8 96- 
905 (1984)). The cells were cultured at a concentra- 
tion of 2xl0 6 cells/ml in 2 ml. of Darfler's Complete 
Medium in 25 cm 2 T flasks in a 100% humdity, 5% C0 2 
environment at 37°C. After 7 days, the cells were 
counted by hemacytometer and assayed for cytotoxicity 
against Daudi cells using a Cr release assay according 
to the method of Mazumder, et al . (1984). By this 
process a culture of PBL cells was established. 
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EX AMPLE III 

Diacylcrlycerol-Containinq Serum-F ree Medium 
AlI57s the Expansion of LAK Cells in Serum-Free 
Medium in a Seven Day Incubation 

PBL cells obtained as described in Example II were 
grown according to the method of Mazumder, A., et_al. 
(Cancer 53:896-905 (19 84)) in RPMI-1640 medium supple- 
mented with 2% human serum or were incubated in either 
Darfler's Supplemented Medium (described in Example I) 
or Darfler's Supplemented Medium containing 20 mg/L 
diC 8 and incubated for seven days at 37°C in an atmos- 
phere containing 95% air and 5% C0 2 - After this incu- 
bation, the cytotoxicity of the cultured cells was 
determined. This experiment revealed that the incu- 
bation of PBL cells* in serum-free medium which con- 
tained a diacylglycerol was able to produce LAK cells 
at* 97% of the efficiency at which such cells .were gen- 
erated after incubation in serum-containing medium. In 
1 contrast, serum-free medium which lacked diacylglyce- 
rols produced LAK cells at only 1/3 the efficiency of 
serum-containing medium. These results therefore indi- 
cate that a serum-free medium containing diacylglyce- 
rols is capable of replacing serum-containing 'medium 
for the generation of LAK cells, and that such a 
serum-free medium is capable of generating LAK cells 
at an efficiency similar to that of a serum-contain- 
ing medium. 
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EXAMPLE IV 



amounts of Interleukin-2 Req uired for 
L AK Cell Production 

PBL cells were prepared as described in Example II 
and divided into four aliquots which were subsequently 
incubated in either 98% RPMI-1640 medium supplemented 
with 2% serum (Mazumder, A., et al . (1984)) or in 
Darfler's Complete Medium containing the diacylgly- 
cerol, sn-l,2-dioctanoylglycerol at 20 mg/L. The 
Darfler Complete Medium contained either 100, 300, or 
1000 0/ml of interleukin-2. After a seven day incuba- 
tion at 37°C in an atmosphere of 95% air, 5% carbon 
dioxide the relative efficiency of LAK cells prolifer- 
ation was determined. Serum-free medium containing 
1000 units/ml interleukin-2 was found to produce LAK 
cells which lysed target cells at 52% the efficiency 
with which such cells were produced by incubation in 
serum-containing medium which contained 1000 O/ml in- 
terleukin-2. Serum-free medium containing 300 or 100 
U/ml interleukin-2 were found, however, to produce LAK 
cells at an efficiency which was 106% and 85%, respec- 
tively, of that observed in the serum-containing me- 
dium control. This experiment shows that the use of 
serum-free medium . containing diacylglycerols permits 
LAK cell formation to occur in the presence of lower 
amounts of interleukin-2 than are required for LAK 
cell formation in serum-containing media. Such a re- 
sult is significant in that the availability and cost 
of interleukin-2 poses a significant obstacle to the 
use of LAK-cell therapeutic regimens. 
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EXAMPLE V 

Inhibitors of Diacylcrlycerol Breakdown 
Enhance LAK Cell Production 

PBL cells were prepared as described in Example II 
and divided into two aliquots which were subsequently 
incubated in Darf ler 1 s Complete Medium (containing 
sn-l,,2-dioctanoylglycerol at 5 mg/L, 1000 CJ/mL inter- 
leukin-2, an additional 10 mg/L Tween 80, and an addi- 
tional 1.5 mg/L cholesterol) in the presence or 
absence of 1 -monoo leoy 1 - r ac - g lyc er o 1 at 10 mg/L. 
After seven days incubation at 37°C in an atmosphere 
of 95% air, 5% carbon dioxide the relative efficiency 
of LAK cells to lyse target cells was determined. In 
the absence of i-monooleoyl-rac-glycerol the percent 
lysis was 35 at an effector: target of 8 :1, 21 at 4:1 
and 13 at 2:1, In contrast, in the presence of 1-mono- 
oleoyl-rac-glycerol the percent lysis was SO, 33 and 
25, respectively. Similar results were obtained in 
two other experiments , with levels of 1-monooleoyl- 
rac-glycerol being optimal at 5-10 mg/L. 5 mg/L was 
found to be the most preferred concentration of mono- 
oleoyl-rac-glycerol. Diacyglycerols and their deri- 
vatives breakdown due to the action of enzymes such as 
diacylglycerol kinase and diacylglycerol lipase. 
Agents (i*e., chemical compounds) which inhibit this 
breakdown result in higher intercellular levels of 
di acylglycerols and their derivatives. Since 1-mono- 
oleoyl-rac-glycerol inhibits diacylglycerol kinase and 
diacylglycerol lipase (W.R. Bishop e t al . , J. Biol. 
Chem. 261:12513-12519 (1986) and W.R. Bishop et al. , 
J. Biol. Chem. , 261 :699 3-7000 (1986)), these data 
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suggest that the inhibition of these enzymes in cells 
acts to elevate intracellular levels of diacylgly- 
cerol- As a consequence, greater numbers of LAK 
cells, greater killer activity, or both is generated 
by the inclusion of 1-monooleoyl-rac-glycerol. Other 
inhibitors of diacylglycerol breakdown which may have 
similar activity include, but are not limited to, 
dioctanoylethylene glycol, dioctanoyl glyceramide , 
dioctanoyl butanetriol and other analogs of diacylgly- 
cerol and monoacylglycerol. 

While the invention has been described in connec- 
tion with specific embodiments thereof, it will be 
understood that it is capable of further modifications 
and this application is intended to cover any varia- 
tions, uses, or adaptations of the invention follow- 
ing, in general, the principles, of the invention and 
including such, departures from the present disclosure 
have come within known or customary practice within 
the art to which the invention pertains and as may be 
applied to the Essential features herein before set 
forth and as follows in the scope of the appended 
claims. 
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WHAT IS CLAIMED IS : 

1. A method for achieving the proliferative 
growth of a peripheral blood lymphocyte cell or a lym- 
phoid, ne activated killer cell, which method comprises: 
(a) contacting said cell with an amount of a 
culture medium sufficient to permit the 
in vitro cultivation of said cell, said 
medium being substantially free of serum 
and containing a non-proteinaceous com- 
pound capable of activating the enzyme 
kinase C; said compound being present in 
said medium at a concentration suffi- 
cient to direct said activation, and 
Cb) maintaining said cell in said culture 
medium under conditions sufficient to 
produce said proliferative growth. 

2+ A method for producing a lymphokine activated 
killer cell which comprises: 

Ca) contacting a peripheral blood lympho- 
cyte cell with an amount of a culture 
medium sufficient to permit the in vitro 
cultivation of said peripheral blood 
lymphocyte cell, said medium being sub- 
stantially free of serum and containing 
(i> a lymphokine and (ii) a non-pro- 
teinaceous compound capable of activat- 
ing the enzyme kinase C; said compound 
being present in said medium at a 
concentration sufficient to direct said 
activation, and 
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(b) maintaining said cell in said culture 
medium under conditions sufficient to 
permit the production of said lymphokine 
activated killer cell. 

3. The method of any one of claims 1 and 2 
wherein said compound capable of activating the enzyme 
kinase C is selected from the group consisting of a 
diacylglycerol, a functional analogue of a diacylgly- 
cerol, and a precursor of a diacylglycerol. 

4. The method of any one of claims 1 and 2 
wherein said compound capable of activating the enzyme 
kinase C is selected from the group consisting of an 
acetylacylglycerol, a functional analogue of an 
acetylacylglycerol, and a precursor of a acetylacyl- 
glycerol. 

5. The method of claim 3 wherein said compound 
capable of activating the enzyme kinase C is a dia- 
cylglycerol. 

6. The method of claim 5 wherein said diacylgly- 
cerol contains a side chain of between 6-10 carbons in 
length. 

7. The method of claim 6 wherein said diacylgly- 
cerol is selected from the group consisting of sn-1, 2- 
dioctanoylglycerol and sn-1, 2-dihexanoylglycerol and 
sn-1 , 2-didecanoylglycerol . 

8. The method of claim 7 wherein said diacylgly- 
cerol is sn-l,2-dioctanoylglycerol. 
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9. The method of any one of claims 1 and 2 
wherein said culture medium is Darfler's Complete 
Medium. 

10. The method of any one of claims 1 and 2 
wherein said compound capable of activating the enzyme 
kinase C is present at a concentration of from 1-20 
mg/L. 

11. The method of claim 10 wherein said compound 
capable of activating the enzyme kinase C is present 
at a concentration of from 5-20 mg/L. 

12. A method for suppressing the growth or 
development of a cancer cell which comprises: 

a) contacting a peripheral blood lymphocyte 
cell with an amount of a culture medium 
sufficient to permit the in vitro culti- 
vation of said cell, said medium being 
substantially free of serum and contain- 
ing (i) a lymphokine and (ii) a non-pro- 
teinaceous compound capable of activat- 
ing the enzyme r kinase C; said compound 
being present at a concentration 
sufficient for said activation, 

b) maintaining said cell in said culture 
medium under conditions sufficient to 
permit the development of a lymphokine 
activated killer cell, and 

c) providing said lymphokine activated kil- 
ler cell to said cancer cell in a manner 
sufficient to suppress the growth or 
development of said cancer cell. 
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13. The method of claim 12 wherein said compound 
capable of activating the enzyme kinase C is selected 
from the group consisting of a diacylglycerol, a func- 
tional analogue of a diacylglycerol, and a precursor 
of a diacylglycerol. 

14. The method of claim 12 wherein said compound 
capable of activating the enzyme kinase C is an acety- 
lacylglycerolr a functional analogue of an acetylacyl- 
glycerol, or a precursor of an acetylacylglycerol. 

15. The method of claim 13 wherein said compound 
capable of activating the enzyme kinase C is a dia- 
cylglycerol. 

16-,, The method of claim 15 wherein said di- 
acylglycerol contains a side chain of between 6-10 
carbons in length. 

17. The ; method of claim 16 wherein diacylglycerol 
is selected from the group consisting of sn-1, 2- dio- 
ctanoylglycerol, sn-1 , 2-dihexanoylglycerol and sn- 
1 , 2-didecanoylglycerol. 

18. The metnod of claim 16 wherein wherein said 
diacylglycerol is sn-1 , 2-dioctanoylglycerol. 

19. A composition of matter which comprises (a) 
an in vitro cultivated peripheral blood lymphocyte 
cell or a lymphokine activated killer cell, (b) an 
exogenously added non-proteinaceous compound capable 
of activating the enzyme kinase C, and (c) a lympho- 
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kine; wherein said composition is substantially free 
of serum. 

20. The composition of matter of claim 19 wherein 
said exogenously added compound (b) is selected from 
the group consisting of a diacylglycerol, a functional 
analogue of a diacylglycerol, and a precursor of a di- 
acylglycerol. 

21. The composition of matter of claim 19 wherein 
said exogenously added compound (b) is selected from 
the group consisting of an acetylacylglycerol, a func- 
tional derivative of an acetylacylglycerol, and a pre- 
cursor of an acetylacylglycerol. 

22. The composition of matter of claim 20, where- 
in said exogenously added compound is a diacylgly- 
cerol. 

23. The composition of matter of claim 22 wherein 
said diacylglycerol contains a side chain of between 
6-10 carbons in length. 

24. The composition of matter of claim 23, where- 
in said diacylglycerol is selected from the group con- 
sisting of: sn-l,2-dioctanoylglycerol and sn-1,2- 
dihexanoylglycerol and sn-1, 2-didecanoylglycerol. 

25. The composition of matter of claim 24 wherein 
said diacylglycerol is sn-l,2-dioctanoylglycerol. 
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26. A culture medium which contains an exogenous - 
ly added non-proteinaceous compound capable of acti- 
vating the enzyme kinase C; wherein said culture me- 
dium is substantially free of serum. 

27. The culture medium of claim 26 wherein said 
compound capable of activating the enzyme kinase C is 
selected from the group consisting of a diacylgly- 
cerol, a functional analogue of a diacylglycerol, and 
a precursor of a diacylglycerol. 

28. The culture medium of claim 26 wherein said 
compound capable of activating the enzyme kinase C is 
selected from the group consisting of an acetylacyl- 
glycerol, a functional analogue of an acetylacylgly- 
cerol, or a precursor of an acetylactlglycerol. 

29. The culture medium of claim 27 wherein said 
compound capable of activating the enzyme kinase C is 
a diacylglycerol. 

30. The culture medium of claim 29 wherein where- 
in said diacylglycerol contains a side chain of be- 
tween 6-10 carbons in length. 

31. The culture medium of claim 30 wherein said 
compound is selected from the group consisting of 
sn-1 , 2-dioctanoylglycerol and sn-1 , 2-dihexanoylglyc- 
erol and sn-1 , 2-didecanoylglycerol. 

32. The culture medium of claim 31 wherein said 
diacylglycerol is sn-1, 2-dioctanoylglycerol. 
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33. The method of any of one of claims 1, 2, and 
12 wherein said culture medium additionally contains 
an agent capable of inhibiting breakdown of said 
non-pr otei naceous compound. 

34. The method of claim 33 wherein said non-pro- 
tei naceous compound * is selected from the group con- 
sisting of a diacylglycerol, a functional analogue of 
a diacylglycerol , and a precursor of a diacylglyerol. 

35- The method claim 33 wherein said nbn-protein- 
aceous compound is selected from the group consisting 
of an acetylacylglycerol, a functional analogue of an 
acetylacylglycerol, or a precursor of an acetylacyl- 
glycerol. 

36. The method 6f claim 33 wherein said agent is 
an inhibitor of an enzyme selected from" the group 
consisting of diacylglycerol kinase and diacylglycerol 
lipase. 

37. The method of claim 33 wherein said agent is 
selected from the group consisting of 1-monooleoyl- 
rac-glycerolr dioctanoylethylene glycol , dioctanoyl 
glyceramide, and dioctanoyl butanetriol. 

* 

38. The method of claim 37 wherein said agent is 
1-monooleoy 1-rac-glycerol . 
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